The toxicity and toxic principle of the horseshoe crab Carcinoscorpius rotundicauda collected from Bangladesh during November to December, 1998 were examined. Although egg, testis and viscera were recognized to be toxic, their toxicity levels were comparatively low (under 10 MU/g; maximum of 7.4 MU/g in egg). The toxin was purified by ultrafiltration through a YM-1 membrane and two types of chromatography on Bio-Gel P-2 and Bio-Rex 70. The separated toxin was analyzed by HPLC, TLC, electrophoresis, and 1H-NMR, and identified as tetrodotoxin.
Introduction
Among the four extant species of horseshoe crabs in the world, one species is distributed along the east coast of North America, and three others in the Southeast Asian region'. In Ban- 
Materials and Methods
Horseshoe crab specimens Nineteen specimens of horseshoe crab C. rotundicauda (body weight 120.5-275.0 g) were collected from the offshore area of the Bay of Bengal at Cox's Bazar, Bangladesh (Fig. 1 ) from November to December, 1998. They were immediately frozen at -40C, transported by air to the Nagasaki University and subsequently kept frozen below -30C until used.
Lethal potency test
The specimens were partially thawed under tap water and dissected into viscera and egg/ testis. Each tissue was minced, and to a small portion of the mince (2-5 g) was added an equal volume of 0.1% acetic acid. The homogenate was heated in a boiling water bath for 5 min, then centrifuged at 11,000 g for 10 min. The supernatant thus obtained was used for the mouse test. The lethal potency was measured according to the standard procedure for TTX9, and expressed in mouse units (MU). One MU is Tetrodotoxin in the Bangladeshi Horseshoe Crab 427 defined as the amount of toxin required to kill a male mouse (18-20 g body weight) of ddY strain in 30 min after i.p. injection.
Partial purification of toxin About 600 g of egg was pooled, crushed, and extracted with 3 volumes of 80% ethanol adjusted to pH 2 with conc. HC1. The extract was concentrated and defatted with an equal volume of dichloromethane.
After being evaporated under reduced pressure to remove dichloromethane, the aqueous layer (crude toxin) was filtered through a Diaflo ultrafiltration membrane YM-1 (Amicon) with a cut-off limit of 1,000 daltons. The filtrate (3,500 MU) was adjusted to pH 5.5 with 1 mol/L NaOH and loaded onto a column (5 X 90 cm) of Bio-Gel P-2 (Bio-Rad Laboratories). The column was washed with 1 L of water, followed by the same volume of 0.03 mol/L acetic acid at a flow rate of 1 mL/min. Acetic acid fractions were collected in 100 tubes of 10 mL each. After mouse assay, the toxic fractions (320-400 mL, 3,200 MU) were combined, concentrated to dryness, and applied to a column (0.8x90 cm) of Bio-Rex 70 (Bio-Rad Laboratories; H+ form) with a biphasic gradient. Phasel consisted of a 1 L linear gradient from 0-0.05 mol/L acetic acid and phase 2 was the same volume of linear gradient from 0.05-1.5 mol/L acetic acid. Toxic fractions (2,800 MU) appeared at 175-210 mL with the gradient of 0-0.05 mol/L acetic acid. They were combined, concentrated, lyophilyzed, and submitted to toxin analyses.
HPLC study
HPLC was performed on a Waters LC Module 1 HPLC system using a L1ChroCART Superspher RP-18 (e) column (4>250 mm, Merck) for analysis of both TTXs and PSPs. For TTXs,10 mmol/L ammonium phosphate buffer (pH 7.0) containing 2 mmol/L heptanesulfonic acid (HSA) as an ion-pairing reagent was used as the mobile phase at a flow rate of 0.8 mL/min. The eluate was continuously mixed with an equal volume of 4 mol/L NaOH and heated in a reaction coil at 110°C10~. The intensity of fluorescence formed was measured at 505 nm with 384 nm excitation. For analysis of PSPs, two mobile phases were used: (I) 10 mmol/L ammonium phosphate buffer (pH 7.3) with 2 mmol/L HSA for gonyautoxins (GTXs), (II) 4% acetonitrile-30 mmol/L ammonium phosphate buffer (pH 7.3) with 2 mmol/L HSA for saxitoxins (STXs)11), 12) The column effluent was mixed with both 50 mmol/L periodic acid (flow rate of 0.4 mL/min) and 0.2 mol/L KOH containing 1 mol/L ammonium formate in 50% formamide (flow rate of 0.4 mL/min), and heated at 65C for 1.5 min13. The toxin was detected with a fluorescence detector (TOSOH, FS 8020) with emission at 392 nm and excitation at 336 nm.
TLC study TLC was performed on a silica gel-60 F254 pre-coated plate (5x20 cm; Merck), using pyridine-ethyl acetate-acetic acid-water (15:5:3: 4) as the solvent. After development, the plate was sprayed with 10% KOH followed by 1% H2O2. The toxin was visualized as a yellow fluorescent spot under UV light (365 nm).
Electrophoresis
Electrophoresis was performed for 30 min on a 5x18 cm cellulose acetate membrane (Chemetron) in 0.08 mol/L Tris-HC1 buffer (pH 8.7) at a constant current of 0.8 mA/cm width. The 1 H NMR spectrum C. rotundicauda toxin was dissolved in 0.6 mL of 4% acetic-D3 acid-D (99.5% purity) in D2O and subjected to 1H-NMR analysis.
The spectrum was taken on a VARIAN UNITY plus 500 spectrometer at 500 MHz.
Results and Discussion

Toxicity score
The results of toxicity tests of C. rotundicauda are summarized in Table 1 . Six out of the nineteen specimens collected were found to be nontoxic (<2 MU/g) (data not shown). Among the toxic specimens, the toxicity in the eggs ranged from 5.2 to 7.4 MU/g, that in the testis from 2.6 to 4.8 MU/g and that in the viscera from 2.0 to 3.9 MU/g. The toxicity range of eggs was similar to that (5 to 16 MU/g) of Thai horseshoe crabs8. Female specimens showed higher toxicity scores in their eggs in comparison to those of testis in the male specimens. The toxicity level of all the tissues was lower than the quarantine limit (10 MU per g of edible part for TTX).
It is worth noting that in the above sampling period four specimens of Tachypleus gigas (mean body weight 227.9 g) collected from the same location were non-toxic, since this species is also known to be non-toxic in Thailand.
Toxin analyses
The HPLC pattern of the C. rotundicauda toxin is shown in Fig. 2 . The toxin clearly exhibited a peak of TTX at the retention time of 17.9 min, which agrees well with that of authentic TTX.
In PSP analysis, the test toxin did not exhibit any peak corresponding to the authentic STXs and GTXs (figures not shown).
In TLC analysis as shown in Fig. 3 , the C. rotundicauda toxin exhibited one fluorescent yellow spot with Rf value of 0.65 which was identical with that of authentic TTX.
The result of electrophoretic analysis of the purified toxin is shown in Fig. 4 . The toxin gave a fluorescent yellow spot at Rm 0.59. This value agrees well with that of authentic TTX.
The 1H-NMR spectrum of the toxin is shown in The spin-spin coupling constant of 9.6 Hz observed at C4a-H in this toxin agrees with that (9.4 Hz) of C4-H, demonstrating coupling of the protons C4a H and C4-H, as seen in authentic TTX10
On the basis of the above analyses, it was established that the toxic principle of C. rotundicauda collected from Bangladesh is TTX. In respect of Thai horseshoe crab toxin, three different groups have reported the occurrence of TTX14, TTXs along with PSP consisting of neoSTX and STX8, and PSP consisting of neoSTX and GTX17, respectively.
Local differences of the toxin were also observed in the xanthid crab Atergatis Jloridus15.
Horseshoe crab mainly feeds on mollusca, arthropoda and detritus16.
So, bacteria or other microorganisms inhabiting the decayed matter might be the primary origin of TTX. To our knowledge, this is the first report on the toxin and toxic principle of Bangladeshi horseshoe crab.
